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EXECUTIVE  SLIMMARY 


In  the  late  1960s,  Soviet  analysts  developed  an  exchange  model  for 
evaluating  strategic  nuclear  forces  based  on  the  ratio  of  equivalent 
mega  tonnage  remaining  to  each  side  after  an  Initial  strike.  This  model, 
the  "correlation  of  nuclear  forces,"  fits  within  the  Soviet  tradition  of 
measuring  the  military  balance  in  terms  of  ratios  of  "forces  and  means," 
and  captures  the  essence  of  Soviet  strategic  thinking.  This  includes  the 
importance  of  targeting  and  rapidly  destroying  an  enemy's  nuclear  forces 
and  war  making  potential  as  opposed  to  an  effort  to  "punish"  an  acversary 
by  targeting  population  centers.  In  addition,  this  analytic  tool 
provided  Soviet  military  planners  with  an  "objective"  basis  for 
evaluating  the  balance  of  strategic  forces,  a  tool  they  had  apparently 
lacked  prior  to  the  late  19605. 

In  order  to  test  the  potential  influence  and  role  of  this  model  in 
Soviet  strategic  force  planning,  a  number  of  alternate  force  structures 
were  developed  and  certain  parameters  (alert  rates,  penetration  rates, 
and  silo  hardness)  were  subjected  to  sensitivity  analyses.  It  was 
determir.ed  that,  cf  the  possible  Soviet  options,  the  a ctual  Soviet  force 
structure  was  one  ci  the  best  when  evaluated  accorcing  to  th.e  correlation  /  .  ,  \ 

of  nuclear  forces  model,  khen  SALT  constraints  were  icposec  on  the  Soviet 
force,  other  dominant  alternative  force  structures  were  eliminated  and 
the  actual  force  was  apparently  the  nExicizing  alternative. 
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It  was  also  found  that  the  actual  force  structure  selected  by  the 

■  '  i  i 

Soviets  gave  the  advantage  to  w’hichever  side  struck  first.  In  other 
words,  if  the  US  were  first  to  strike,  the  Soviets  would  find  themselves 
at  a  sigr.ificant  disadvantage  as  a  result  of  the  current  force  mix.  Ine 
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Soviets  could  have  selected  other  force  mixes  that  would  have  reduced  tlie 


US  advantage  —  but  chose  not  to.  Ihls  (coupled  with  the  low  alert  rates 
maintained  by  Soviet  strategic  forces)  suggests  that  the  Soviets  do  not 
fear  a  US  "bolt  from  the  blue,"  but  expect  that,  iu  the  event  of  war, 
Soviet  leaders  will  be  able  to  accurately  gauge  the  nature  and  course  of 
the  war  and,  if  necessary,  be  the  first  to  successfully  employ  strategic 
nuclear  strikes. 

The  attacker's  advantage,  hcwever,  is  contingent  to  a  cons'* 
degree  on  the  adversary's  alert  posture,  and  in  this  the  United  States 
has  the  advantage.  With  the  vast  majority  of  Soviet  LMT  based  on  ICBMs, 
an  increase  in  Soviet  alert  rates  on  SLBMs  and  in  bombers  would  represent 
only  a  marginal  increase  in  the  Soviet  EKT  and  correlation.  On  the  other 
hand,  an  increase  in  the  US  aaert  or  on  station  rates  would  subs tantially 
improve  the  US  position,  as  the  US  ICBM  force  comprises  a  nrach  smaller 
fraction  of  its  total  EMT.  Similarly,  the  use  of  the  correlation  of 
nuclear  forces  model  also  helps  explain  continued  Soviet  devotion  of 
resources  to  the  air  defense  mission,  despite  Soviet  vulnerability  to 
C.1.SS1— €  £  1. Cj*'.  • 

The  correlation  of  nuclear  forces  model  suggests  that  the  most 
efficacious  area  in  wr.ichi  to  concentrate  Soviet  breakout-related  research 
is  that  of  counter-SSBN  anti-submarine  warfare  (ASW).  Purther  ICBK 
improvements  by  the  Soviets  increasingly  reap  only  marginal  gains,  as 
more  and  more  US  survivable  EMT  is  deployed  in  subnarines.  A  major 
Soviet  break  thrrough  in  strategic  ASW,  according  to  this  model,  could 
significantly  change  the  correlation  to  the  Soviet  benefit. 


PROJECT  OVERVIEW 


The  objective  of  this  project  is  to  examine  and  assess  the  extent  to 
vhich  U.S.  military  policy  has  effectively  interpreted  and  responded  to 
the  military  implications  of  Soviet  weapons  innovations.  The  project 
focuses  on  the  contributions  of  Soviet  weapons  innovations  to  military 
mission  performance,  not  changes  in  the  technological  level  of  Soviet 
weaponry.  It  also  examines  the  ability  of  the  Soviet  weapons  Innovation 
process  to  offer  a  militarily  significant  breakout  option. 

Accordingly,  three  related  lines  of  inquiry  are  being  pursued. 
First,  we  are  examining  the  Soviet  approach  to  weapons  innovation  as  it 
is  portrayed  in  their  force  planning  and  weapons  evaluation  literature. 
This  Initial  work  enables  -us  to  better  understand  the  preferences, 
assumptions,  and  biases  that  influence  the  armaments  selection  process 
(and  hence  the  weapons  innovation  process)  in  the  Soviet  Lnion. 

Second,  we  arc  anal>-2ing  the  Soviet  approach  to  measuring  the 
relative  contributions  of  weapons  innovation  eitorts  towards  improving 
mission  capabilities,  and  not  tne  extent  to  wnich  a  given  piece  of 
hardware  can  outperform  tr.e  previous  tscr.nolcgical  generation.  Assessing 
mission  contributions  involves  comparing  quantities  of  arms  and 
interaction  with  ether  weapons  systems  assigned  to  trie  given  mission,  as 
well  as  the  qualitative  characteristics  of  new  weaponry. 

Third,  we  are  assessing  the  degree  to  which  the  Soviets  have  the 
capacity  for  "breakout"  —  significantly  improving  their  military 
capabilities  in  a  short  period  of  time  —  through  weapons  innovation. 

The  threat  of  a  Soviet  "technological  surprise",  in  particular,  has  been 


a  constant  U.S.  fear. 


Part  I  of  this  report  addressed  one  aspect  of  the  secona  task, 

descrloed.  How  do  liie  Soviets  use  mathematical  models  to  meas'ore  the 
impact  of  weapons  innovations?  Specifically,  it  examined  the  role  tiriat 
mathematical  modeling  plays  in  Soviet  military  analysis  and  some  of  its 

applications  in  the  area  of  air  defense  analysis.  In  this  second  part  of 

the  report,  we  take  a  closer  look  at  Soviet  mathematical  modeling  related 
to  notions  of  strategic  technology  innovation  and  strategic  force 

development  from  their  efforts  to  measure  the  nuclear  balance? 
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NOTES 


1.0  SOVIET  STRATEGIC  FCRCZ  DEVELOPMENT 


"Objective"  measures  of  the  intercontinental  nuclear  balance  are 
already  quite  common  in  the  West.  Throw-weight,  aggregate  megatonnage, 
aggregate  equivalent  mega  tonnage,  counter  military  potential,  numbers  of 
launchers,  and  numbers  of  warheads  are  just  a  few  of  the  many  indices 

used  to  gauge  the  nuclear  balance.  In  contrast  —  ana  as  expectea  —  the 
Soviets  have  been  reticent  about  detailing  how  they  measure  the  nuclear 
balance,  relying  on  generalizations  about  the  current  state  ol 

"parity . 

Certainly,  static  measures  are  used  by  the  Soviets  to  aefine  trie 
strategic  environment  in  a  general  sense.  In  SALT  I,  for  example,  the 

Soviets  sougfit  an  imbalance  (in  their  favor)  in  numbers  of  launcliers  as 
compensation  for  certain  perceived  US  advantages.  In  SALT  II,  tlie 
Soviets  agreed  to  co  away  witri  such  inequalities.  In  tact,  Soviet 

military  writers  freruently  refer  to  what  they  call  the  "correlation  or 
military  fcrces"  as  a  central  nseasure  of  relative  combat  capability 
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personnel,  etc.  Sucri  correlations  are  considered  objective  indices  oi 
relative  combat  power  and  seem  to  figure  prominantly  in  Soviet  military 
assessments.  So  at  least  in  this  respect,  there  is  some  similarity 
between  elementary  approaches  in  the  East  and  the  West. 

Static  measures,  however,  are  the  simplest  and  probably  the  least 


useful  way  to  assess  military  balances,  for  they  say  notl’ilng  about  tfie 
relative  capabilities  or  vulnerabilities  of  the  haraware  being  countec. 
Analytically,  they  provide  no  indication  of  how  forces  might  be  usee  or 
what  result  might  emerge  from  their  use.  As  oescribeo  in  Part  1  of  tnis 
report,  by  the  mid  19606  Soviet  military  planners  began  to  recognize  the 
Importance  of  dynamic  analysis  for  force  posture  planning  ana  armaments 
selection.  In  particular,  dynamic  analysis  meant  the  use  of  mathematical 
models  to  evaluate  weaponry,  examine  command  and  control,  anc  stucy 
combat  engagements. 

In  this  respect,  initial  Soviet  efforts  to  measure  the  correlation 
of  nuclear  forces  with  simple  ratios  of  "nuclear  charges"  (EMI)  provea 
unrewarding.  But  it  was  from  this  conceptual  basis  that  General-Major 
Anureyev  proposed  a  dyoiamic  measure  of  the  correlation  of  nuclear 
forces.  Anureyev  argued  that  sucfi  a  model  could  play  an  important  role 
in  strategic  planning  and  force  analysis.  For  several  reasons  discussed 
below,  not  the  least  ci  whicn  was  Anureyev's  continuec  prominence  in 
So'.’iet  military  analysis  at  the  General  Staff  .Academy  during  the  1970s, 
we  believe  th.at  tnis  mocel  holds  particular  significance  fer 
understanding  Soviet  military  thinking  on  assessing  th,e  nuclear  balance. 

In  examining  this  correlation  of  nuclear  forces  model,  tnis  paper 
will  first  describe  the  setting  in  w^i  ch  it  was  developed:  Soviet 
strategic  thinking  after  1953,  the  developing  Soviet  strategic  force  and 
thoughts  on  their  use,  and  the  threat  perceived  by  Soviet  planners.  Then 
the  model  itself  will  be  cor.siaerec:  how  it  reflects  Soviet  thinking  and 
what  it  measures.  The  model  will  next  be  used  to  examine  the  changing 
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correlation  ihese  results  will  be  compared  with  a  number  of  possible 
courses  not  chosen,  In  an  effort  to  assess  hcv  well  the  moael  mifebit  serve 
a  guide  to  actual  procurement  practices  and  to  determine  If  actual 
procurement  policy  iias  been  in  line  with  what  one  woula  expect  hao  the 
Soviets  been  mxlmlzing  the  correlation.  Finally,  t.he  implications 
suggested  by  the  ncdel  will  be  addressed. 

1.1  Evolution  of  Soviet  Strategic  Thinking 

Soviet  military  tf.inkii'.g  biac  ccncluaeu  after  the  Secono  Worlc  War 

tfia  t  th;e  offensive  was  the  key  to  success,  and  that  this  offensive  was  to 

be  waged  against  the  er.emy’s  forces.  The  Soviets  rejectee  Western  ioeas 

of  "strategic"  bombing  of  trie  eiieujy 's  industrial  capabilities  or  cities 

in  order  to  weaken  ti'.e  enemy  internally.  Instead,  oestrojlng  the  enemy's 

forces  would  sufficiently  weaken  both  tbie  enemy’s  ability  to  damage  thiC 

2 

Soviet  I'r.icr.  as  well  as  his  will  to  continue  the  war. 


With  Stalin's  ceat:.  in  1952,  Soviet  military  t.nini'-.ing  was  freed  ct 
the  s  tr  ait  ja  c.-,  e  t  imneset  by  his  personal  tniecry  c:  tr.e  "rermar.en  tl  y 
eperating  Facters"  which  he  alleged  led  to  victory  in  war.  Mere 
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With  the  development  of  nuclear  weapons,  the  importance  of  trie 
efrensive  increasec  in  Soviet  tr.inV.ing.  Nuclear  weapons,  because  of 
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outcome  ot  a  battle  or 


their  potential  to  rapidly  alter  the  course  ana 
even  a  war,  became  the  primary  targets  for  tlie  Soviet  offensive.  but 
Soviet  ability  to  take  advantage  of  its  own  aeveloping  nuclear  potential 
was  limited  by  geography  (ttie  Soviets  could  not  counter  the  deployment  of 
US  nuclear  weapons  in  Europe  with  an  analogous  oeployment  in  the  western 
hemispliere,  at  the  time  lacking  allies  in  comparable  proximity  to  the  US) 
and  technology  (it  lacked  a  meaningful  Intercontinental  oelivery 
capability ) . 

But  these  limitations  were  net  to  last.  Ihe  Soviet  Lnion  nac 

captured  a  number  of  German  rocket  scientists  at  tlie  end  of  world  war  11, 

and,  based  on  their  work,  was  able  to  deploy  missiles  first  similar  to 

the  V-2  and,  in  1955,  a  medium  range  ballistic  missile  (MRBM)  of  Soviet 

design  --  the  SS-3.  Wr.ile  at  the  time,  missiles  were  expectea  to  be  very 

inaccurate,  thermonuclear  clnarges  were  potentially  able  to  compensate 

w’ith  tr.eir  large  yieic  for  the  inaccuracy  of  the  delivery  system. 

Ihe  simultaneous  development  of  nuclear  warheads  and  the  missiles 

capable  ci  carr>-ing  t;.em  —  the  "Kevciuticn  in  Military  Aizaizs"  —  lea 

tc  a  sweeping  reappraisal  of  military  doctrine  and  military  art  by  the 

So'.'let  z2 — 1  ta r y  *eaoe^s^.lp.  As  one  Sovet  autner  notec, 

"Ihe  first  thing  to  become  obvious  was  the  ciscrepency  between  such, 
a  powerful  weap>or.  as  tr.e  nuclear  bomb  anc  the  ole  celivery  vehicle 
for  this  bomb,  the  airplane  .  .  .  ,  which  was  vulnerable  to  air 

defense  weapons.  A  totally  r.ew  delivery  velnicle  was  needed."^ 

It  was  decided  that  missiles,  cue  to  their  high;  speed,  invulnerability  to 

counter-measures,  and  all-weather  capability,  were  the  the  most  eiiective 

way  to  zal<e  use  of  nuclea-  weapons. 

Nuclear-armed  missiles  mace  it  possible  to  completely  reverse  tine 

tracitlcnal  route  tc  victory  in  war.  Prior  to  the  r.evolution  in  .Military 


Affairs,  victory  was  acomplished  through  first  achieving  a  number  oi  low 
level  victories.  Such  tactical  successes  lea  to  operational  ones,  whicii 
in  turn  led  to  strategic  and  finally  political  victory.  Through  the  use 
of  nuclear  missiles,  Soviet  specialists  considereQ  it  possible  to  jump 
immediately  to  strategic  successes,  which  would  both  facilitate 
operational  and  tactical  successes  at  tiie  lower  level  and  speea  a  more 

4 

rapid  final  political  victory. 

Strategic  targets  were  defined  as  those  whose  capture  or  destruction 
could  bring  about  a  rapid  change  in  the  course  and  outcome  of  the  war. 
According  to  Soviet  authors,  these  were,  in  order  of  importance:^ 

1.  The  enemy's  nuclear  forces,  Including  launchers  and  air  and 

3 

naval  bases,  and  associated  C  . 

2.  Otxier  major  groupings  of  forces,  such  as  concentrations  of 

3 

conventional  forces,  and  associated  C  . 

3.  Nodes  of  military  and  political  control. 

i.  Military-industrial  facilities,  such  as  war  materiel  plants. 

This  hierarchy  of  targets  has  continued  to  hnis  day.  Only  the 
Soviet  ability  tc  attacl;  and  destroy  them  has  changec  with  time. 

1.2  The  Soviet  ICBM  Program 

Wner.  the  Soviet  "Rocket  Forces  of  Strategic  Designation"  (RVSN)  was 
founded  in  1959,  its  principle  mission  was  to  counter  the  IS  bomber 
threat  by  cestroNting  LS  and  allied  airbases.  As  the  threat  to  trie 
Soviets  shifted  in  ch.aracter  from  bombers  to  missiles,  the  requirements 
changed  as  well:  weapons  capable  of  destroj-ing  smaller,  "point"  targets 
such  as  missile  silos  were  required.  Unable  to  achieve  the  accuracy 
required,  Soviet  planners  emphasizec  large-yield  weapons  tor  a 
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counter-ello  capability,  while  simultaneously  developing  snaller  weapons 
for  the  purpose  of  destroying  softer  targets. 

The  deployment  of  a  large  SS-11  force  (about  1000  missiles)  also 
served  to  increase  the  number  of  targets  that  would  have  to  be  countered 
by  the  US  in  the  event  of  an  attack,  stretching  US  capabilities  to  the 
point  at  which  it  would  not  be  capable  of  destroying  all,  or  even  most, 
of  the  Soviet  force.  (This  idea  of  a  "strategic  sponge"  reappearea  in 
the  United  States  in  the  late  1970s  as  the  Multiple  Aim-Point  System  for 
the  missile,  in  \Alch  there  would  be  simply  too  many  targets  for  an 
attacking  force  to  destroy.)  This,  of  course,  changed  with  the 
deployment  of  MIRVs  on  ICBMs  by  the  United  States,  which  began  in  1970. 
The  Soviets  were  apparently  frustrated  by  the  desire  to  both  preserve 
their  own  capability  to  develop  MIRVs  as  well  as  to  limit  US  MIKVing.^ 
They  recognized  the  threat  posed  to  their  force  by  US  MIRVing  of 
land-based  missiles,  it  became  clear  that  the  sheer  size  of  their 

force  would  no  longer  ensure  its  sur\’ivability .  The  correlation  of 
nuclear  forces  th.reatenec  to  shift  against  them. 
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2.0  MEASURING  THE  CORRELATION 


As  was  noted,  Soviet  targeting  has  a  distinctive  hierarchy  in  wliidi 
enemy  nuclear  forces  are  first  priority.  The  US  has  attempted  to  keep 
its  ICBM  force  one  step  ahead  of  a  Soviet  threat  since  the  late  l^^SOs, 
hardening  the  silos  to  withstand  first  25  then  300  psi  pressure  and 
dispersing  them,  then  provlclng  for  alternative  launcii  control  centers 
and  further  hardening  the  silos.  This  effort  has  recently  taken  on  new 
importance  with  the  completion  of  the  deployment  of  the  fourth  generation 
of  Soviet  ICBMs ,  which  are  seen  as  threatening  the  US  ICBM  force.  This 
has  resulted  in  a  number  of  well-known  proposals  for  protecting  the  new 
MX  ICBM,  among  them  mobile  launchers,  multiple  protective  systems, 
"deep-basing,"  and  "dense-pack"  or  cluster- basing. 

The  pursuit  of  survivable  basing  is  driven  by  the  belief  that  the 
Soviets  have  a  theoretical  ICBM  capability  with  which  they  can  threaten 
to  destroy  the  I'S  ICBM  force  while  neintaining  a  reserve  sufficient  to 
devastate  the  rest  of  the  US.  Taking  the  ICBM  balance  alone,  some  have 
arg’aed  that  th.e  US  deterrent  is  no  longer  credible  anc  requires  repair 
through  the  development  of  a  force  capable  of  threatening  the  Soviet 
ICEMs  in  a  similar  fashion,  while  protecting  US  weapons. 

But  these  scenarios  are  based  on  strategic  analysis  that  appears  to 
be  at  variance  with  Soviet  military  thought.  The  only  publicly  known 
Soviet  methocology  for  measuring  the  strategic  intercontinental  balance 
seems  to  be  one  published  in  the  June,  1967  issue  of  the  Soviet  General 
Staff's  classified  journal,  Military  Thougfit.  The  article,  written  by 
General  M^jor  I.  Anureyev  of  the  General  Staff  Academy,  argues  that  the 
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correlation  of  nuclear  forces  is  made  up  of  a  number  of  intangible 
factors  such  as  command  skill  and  the  "moral-political"  factor,  but  that 
a  rough  measure  can  be  derived  by  calculating  the  deliverable  EMI 
remaining  to  each  side  after  an  Initial  strike.  In  other  woras ,  the 

correlation  of  nuclear  forces  reflects  the  ratio  of  soft  area  target 

destruction  potential  each  side  possesses  at  a  given  point  in  time  nuring 
a  nuclear  conflict.  Hard  target  aestruction  is  only  one  part  of  the 

measure . 

As  noted  earlier,  the  correlation  of  nuclear  forces  is  consistent 
with  a  long  tradition  of  Soviet  thinking  about  warfare.  Since  the  "Great 
Patriotic  Vvar"  with  Nazi  Germany,  Soviet  planners  have  examined  the 
correlation  of  military  forces  in  various  battles  by  ratios,  first  of 

equipment  (eg,  tanks  vs.  tanks),  and,  more  recently,  of  firepower. 

The  novel  aspect  of  the  Anureyev  model  is  that  it  is  a  dynamic 
model.  Rather  than  simply  looking  at  the  pre-conflict  balance  of  forces, 
measured  by  launchers,  warheads,  or  EMT,  it  requires  that  assumptions  be 
made  about  ho*  a  war  would  be  waged  and  hw  those  forces  might  be  usee. 
In  addition,  it  allows  for  differentiation  in  the  capabilities  of  forces, 
something  that  is  lost  in  static  measures. 

Anureyev  suggested  that  the  model  might  be  especially  useful  fer 

Q 

planning  tne  actions  of  forces.  The  article,  ana  that  which  followea 

in  response  to  Anureyev,  make  it  clear  that 

tne  method  used  by  General  f^ajor  I.  Anureyev  with  some  aaditions  can 
be  used  successfully  in  calculating  the  correlation  of  nuclear 
forces  in  nuclear  weapons  for  operations  on  a  large  scale  ana  also 
for  planning  a  first  nuclear  strike  as  well  as  for  accomplishing 
other  specific  missions  .9 

The  clear  implication  is  that  targeting  to  eaximize  the  post  attack 
correlation  of  nuclear  forces  is  the  proper  planning  strategy.  The 
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corollary,  not  explicit  in  the  text,  is  that  ^  the  correlation  might  be 
used  to  plan  actual  military  operations,  it  migrit  also  be  used  to  guide 
procurement . 

The  precise  place  of  the  Anureyev  model  in  Soviet  strategic  planning 
is  unclear.  Some  months  later,  Anureyev’s  article  was  criticized  in 
several  letters  by  other  members  of  the  General  Staff  Academy,  but  tiiese 
critiques  focused  on  the  simple  structure  of  the  model  —  many  complex 
factors  are  subsumed  in  only  a  few  variables  There  was  no  attack  on 

the  fundamental  logic  of  the  model. 

V*e  suspect  that  the  underlying  concepts  of  the  model  do  reflect 
Soviet  military  thinl:ing  on  strategic  force  analysis,  even  if  the  precise 
formulation  offered  by  Anurejev  is  not  used  today.  For  reasons  discussed 
in  Part  I,  it  is  likely  that  Soviet  military  art  and  military  science 
were  built  into  the  foundation  of  Andreyev’s  work.  Thus,  it  may  well 
capture  the  fundamental  tenants  of  Soviet  strategic  thinking. 


2.1  The  Correlatioo  of  Nuclear  Forcea 


The  correlation  of  forces  is  a  familiar  concept  to  readers  of  Soviet 
military  journals,  as  it  is  often  used  in  assessing  the  results  of 
specific  engagements  in  V.orld  War  II.  While  the  correlation  is  never 
characterized  as  decisive ,  for  that  would  leave  no  room  for  human 

variables  such  as  skill  or  "moral-political"  factors,  it  provides  an 
important  opportunity  to  the  side  with  the  advantage. 

Two  nuclear  forces  are  assumed:  A,  with  I  different  types  of 
delivery  vehicles,  and  B,  with  J  different  types  of  delivery  vehicles. 
The  follcving  formulae  are  then  used: 

r2/  3 

-Ln.  •  equivalent  mega  tonnage 

(emt — that  is,  the  yield  of  the  warhead  to  the  2/3  power)  in  the  i-th 
type  weapon  for  side  A. 

Q.p  “  JL I  *  SCq  •)"*  ^]  =  equivalent  in  the  j-th 

J*-  ■  j  j  J 

type  weapon  for  side  5. 

(or  r^)  =  number  cf  warheads  cf  i-th  (or  j-tn)  tvpe 

-  J 

weapon  for  side  A  (5). 

n^  (or  z.  .)  =  number  of  i-th  (or  j-th)  type  weapon  for  sice  A 

(B). 

'll  (or  q^)  =  yielc  in  megatons  of  one  warhead  for  the  i-th 
(j-th)  type  weapon. 

The  total  EMT  for  each  side  (  X.  or  Q^g)  is  representec  by 
Qa  or  Qg. 

At  tine  t-o ,  ie,  prior  to  any  exchange,  is  iiierel\  the  ratio 


ri- 


of  EMT:  [Qa]/[Qb]. 


"X  j  *  X  I  ‘  ^  =  correlation  of  nuclear  forces  at  time  I  (sioe 
A  attacks;  side  B  defends). 

C<  =  ratio  of  relative  change  in  tiie  distribution  of  forces 
between  the  two  sides  as  a  result  of  A's  attack  on  B. 


-  ^ (FiA) (WlA) (RIA) (UiA) 

2r(FjB)(WjB) 

^iA  “  ^Qia^/Qa  ^o  ^jB  ”  ^o  ' 


=  warhead  penetration  capability  of  i-th  type  weapon  of  siae  A. 
=  warhead  penetration  capability  of  j-th  type  weapon  of  side  B. 
R,. ^  =  reliability  of  i-th  type  weapon. 

=  reliability  of  j-th  type  weapon. 

IfA  “  percentage  of  i-ch  type  weapon  not  consumec  in  attacking  fc. 

=  percentage  of  j-th  type  weapon  not  oestroyec  in  attack  by  B. 
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Table  1:  Soviet  ICBM  Chara cter is tl cs* 


for  Selected  Years 


Missile 

Year 

#  RVs 

Yield/ 

RV  (mt) 

EMT/ 

missile 

CEP 

(nm) 

Reliab 

SS-7 

1965 

1 

3 

2.1 

1.5 

.5 

1970 

1 

6 

2.3 

1.25 

.5 

SS-8 

1965 

1 

3 

2.1 

1.0 

.5 

1970 

1 

5 

2.9 

1.0 

.5 

SS-9 

1970 

1 

25 

8.5 

.75 

.8 

1975 

1 

25 

8.5 

.5 

.8 

1980 

1 

25 

8.5 

.5 

.8 

SS-11 

19  70 

1 

1 

1 

1.25 

.8 

1975 

1 

1 

1 

.8 

.8 

1980 

1 

1 

1 

.8 

.8 

SS-13 

1970 

1 

1 

1 

1.0 

.8 

1975 

1 

1 

1 

1.0 

.8 

1980 

1 

1 

1 

1.0 

.8 

SS-17/1 

19  75 

4 

.75 

3.3 

.24 

.85 

1980 

4 

.75 

3.3 

.24 

.85 

1984 

4 

.75 

3.3 

.24 

.83 

SS-17/2 

1980 

6 

3.3 

.23 

.63 

SS-18/1 

19  75 

25 

b  .5 

.23 

.83 

1980 

1 

20 

8.5 

.19 

.85 

SS-18/2 

19  80 

6 

.9 

7.4 

.23 

.83 

SS-18/4 

1984 

10 

.5 

6.3 

.14 

.65 

SS-19/1 

19  75 

6 

.55 

4.0 

.19 

.85 

1980 

6 

.55 

4.0 

.14 

.85 

SS-19/2 

19  80 

1 

5 

2.9 

.21 

.85 

SS-19/3 

1984 

6 

.55 

4.0 

.14 

.85 

♦Soviet 

ICBM 

characteristics  are 

dif fi cult 

to  judge 

and  < 

presented  wi 

tr.  an 

artificial 

precis  ion. 

In  addi 

tion,  (see 

next 

2.2  Running  the  Correlation  Model 


To  exami-ne  hew  the  correlation  has  clianged  over  time,  Simula  tea 
exchanges  were  run  for  1965,  1970,  1975,  1980,  and  1984  using  the  actual 
force  structures  for  both  the  Soviet  Union  and  the  United  States.  The 
model  run  assumes  a  full  scale  attack  involving  the  entire  range  of 
intercontinental  forces:  ICBMs,  bombers,  and  SLBhs ,  as  well  as  strategic 
defense  such  as  SAMs.  In  addition,  several  hypothetical  Soviet  force 
structures  were  developed,  with  a  different  mix  of  forces  in  1970,  1980  , 
and  1984.  There  was  also  one  alternative  US  case,  in  which  the  Minuteman 
II  force  (450  missiles)  was  replaced  with  hiinuteman  III  missiles  (as  the 
Soviets  expected  to  take  place),  and  several  variations  on  US  bomber 
penetration  capability.  for  each  case,  actual  and  hypothetical,  the 
correlation  was  examined  after  both  a  US  and  a  Soviet  first  strike. 

The  CoF  model  specifies  targeting  to  maximize  enemy  reliable  LMl 


destroyed  — 

tha  I  is  , 

,  a  target's  priority 

was 

based 

on  i 

ts  EMI  ana 

r  el  iab  il  i  ty  . 

Bomber 

and  subcarine  forces 

on 

alert  were 

assumed  to 

survive  owing 

to  their 

mobility;  soft  targets 

such; 

as  air 

and 

naval  bases 

were  targeted  by  SlBMs  ,  while  ICBMs,  the  only  forces  capable  of 
countering  hard  targets  effectively,  were  generally  used  against  enemy 
ICBMs.  [For  details  of  the  forces,  see  Appeneix  .A] 


(^continued)  they  are  basec  on  a  sometimes  snail  number  of  samples  ana 
from  tests  taking  place  in  artificial  conditions.  Yields  and  CEPs  are 
taken  from  declassified  intelligence  estimates  anc  public  sources  such  as 
IISS  and  Aviation  Week.  Reliability,  perhaps  the  most  difficult 
parameter  about  whicr.  to  obtain  "hard"  data,  is  here  set  somewhat 
arbitrarily  and  based  on  the  assumption  that  Soviet  reliability  is  a  bit 
lower  than  that  of  US  ICBMs.  There  are  reports,  however,  that  Soviet 
ICBM  reliability  is  much  lower  tr.an  that  of  the  US. 


The  results  ot  the  running  of  the  correlation  are  shown  in  Table  2,  anc 
grajiilcally  in  Figure  1. 

Clearly,  the  position  of  the  Soviet  Union  has  improvea  dramatically 

over  time.  The  reasons  are  clear:  since  1975,  the  Soviet  ICBH  force  has 

increased  its  LMT,  as  the  SS-17  (with  3.3  EMT/missile),  SS-18  (witli  6.3  - 
8.5  EMT/missile),  and  SS-19  (with  2.9  -  A  EMT/missile)  replace  the  older 
and  less  reliable  SS-11  (with  only  1  EMT)  and  SS-9  (with  8.5  EMI).  These 

new  missiles  (in  particular,  the  SS-18  and  SS-19)  have  substantially 

improved  the  capability  of  the  Soviets  to  destroy  US  ICBM  forces  in  their 
silos.  Simultaneously,  tine  new  Soviet  ICBMs  have  been  hardened  from  300 
psi  to  a  reported  2500  psi,  making  them  less  vulnerable  to  a  US  strike. 


Table  2:  Actual  Correlations  of  Forces 


Atta  cki 

CO 

rrela 

tion 

of  forces  a 

coun  try 

19 

65 

19  70  r 

Uni  ted 

Sta  te 

s 

44 

.0 

2.9 

Soviet 

Un  son 

.1 

.5 

The 

corr 

elation 

of 

nucl 

ear  forces 

deliver 

SC-  _i.  & 

£.‘’'7 

to 

uT.  c. ' 

t  of 

the  enemy 

corr ela 

tion 

of  2 

.9 

Id  1 

.970 

means  that 

19  75 

2.6 

i.2 


1980 

2.0 

3.9 


19  84 

2.4 

4.4 


is  tne  ratio  ot  toe  attaa-;er  s 
after  a  first  strike.  Thus,  a 
after  a  US  first  strike,  tine  US 
would  retain  2.9  times  the  reliable,  deliverable  EMI  as  held  by  the 
Soviets.  Similarly,  a  correlation  of  .5  suggests  that  the  Soviets,  after 
launching  a  first  strike  in  1970  ,  would  have  about  one-half  the 
deliverable  EliT  available  to  the  US. 


Several  hypothetical  cases  were  also  considered  for  the  years  1970 
anc  1980.  To  do  so,  cost  estimates  were  used  for  the  ICBMs  involved,  anc 
the  total  Soviet  expenditure  for  the  missiles  involved  was  calculated. 
Then  the  number  of  missiles  were  varied,  keeping  the  leve.1  of 
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CORREI^TION  OF  NUCLE/\R  FORCES 

Aclijol  0(vl  I  liol  icnl  Coses  1965— IDS'V 


wiel  First  Stiike  A  U.S.  First  Strike 


expenditures  constant  [see  Appendix  E]  .  This  approachi  naae  it  possible 
to  hypothesize  different  force  mixes  within  an  assumed  cost  ceiling 
(dictated  by  the  actual  force).  For  all  but  one  case,  only  two  types  of 
missiles  were  varied  in  each  hypothetical  case,  with  the  remainder  of  the 
force  remaining  constant,  ie,  that  actually  deployed.  CThe  results  of 
all  the  hypothetical  cases  are  shown  in  Table  3.)  For  1970  ,  four  sudi 
cases  were  examined: 

(A)  1500  SS-lls  and  no  SS-9s 

(B)  460  SS-9s  arid  no  SS-lls 

(C)  100  SS-9s  and  1190  SS-lls 

As  can  be  seen  from  the  graph  (Figure  1)  and  Table  3,  the  resulting 
correlations  for  the  Soviet  attack  would  have  been  on  either  side  of  that 
actually  chosen.  In  the  event  of  a  US  attack,  the  option  selectee  by  tlie 
Soviets,  it  seems,  was  the  best  for  the  United  States  —  Initially  a 
puzzling  result.  Interestingly,  a  force  made  up  completely  of  SS-lls 
would  have  been  the  best  for  the  Soviets  from  the  defensive  perspective. 
This  suggests  several  possibilities.  First,  the  Soviets  may  not  i.ave 
been  very  concerned  about  a  US  first  strike,  to  the  point  of  allowing  the 


US  an  advantage 

.  Af  t  e  r 

ai. j. ,  t n e  US 

did  not  attack  the  Soviet  Union 

curing  tr.e  1950 

's  when 

US  strategic 

superiority 

could 

have  ensured  a 

successful  cisar 

ring  ri 

r  s  t  s  tr  ik  e . 

likewise,  t 

he  US 

failec  to  use 

nuclear  weapons 

n  ga  i  us  t 

China  during 

the  Korean 

war , 

even  though  US 

military  doctrine  seemed  to  prescribe  it.  A  second  possibility  is  that 
the  SS-9  either  served  a  purpose  other  than  attacking  ICBMs  or  that  the 
Soviet  planners  were  confident  that  it  would  be  able  to  counter  US  ICBM 
launchings.  There  is  evidence  that  the  SS-9's  were  actually  targeted 
against  US  ICBM  launch  control  centers  (iCCs).  If  the  Soviets  assumed 
that  the  destruction  of  a  given  LCC  would  disable  several  ICBM  launchers. 
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then  this  alternative  targeting  would  have  made  sense.  It  is  also 
possible  other  factors  led  them  to  deploy  the  SS-9  force  as  they  aic, 
such  as  a  desire  to  deploy  more  than  one  ICBM  design  as  a  hedge  against 
technological  risk.  Then,  too,  the  decisions  about  SS-9  and  SS-11 
procurement  were  made  before  the  correlation  of  nuclear  forces  model  ano 
the  attendant  mode  of  thinking  gainea  any  influence  (it  it  ever  did). 
This  last  possibility  is  supported  to  some  extent  by  the  timing  of  the 
Anureyev  article  (ii;ld-1967) ,  which  was  probably  part  of  a  campaign  to 
Inject  objective  analysis  into  Soviet  thinking  about  nuclear  war.  As 
detailed  in  Part  I,  initial  efforts  were  undertaken  beginning  in  hne 
second  half  of  t-he  1960s  to  develop  a  systenatic  approacri  to  weapons 
acquisition  and  develcpment . 

It  is  trie  hypotiietical  1980  cases,  however,  that  pro--e  more 
interesting.  These  were: 


variations  cf  the  S5-17  and  99-19  lorce 


O) 

56w 

C  C- 

1*  s 

ar.d 

^  0 

S?-19s 

(E) 

^10 

S  S  - 

•15  s 

cS.  C 

no 

99-17  s 

\  •  ^ 

bi  5 

SS“ 

19  s 

szz 

ito 

SS-17s  and  no  SS-lbs 

-Of 

5  5- 

1“  c 

cS.  C 
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S9-19S-- 

:8C 

£5- 

I's 

an  d 

2  03 

SS- 19s 

V ic  til 

or.£  c 

*  - 

:.e  S 

5-lb 

ar 
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3 1 C' 

SS- 

IS  5 

ar*d 

ro 

SS-l9s 

(J) 

73w' 

£  S  - 

19  s 

an  c 

rc 

9:^-lfa  s 

(K) 

150 

S5- 

ISs 

ait  c 

330 

SS-19s 

(L) 

410 

SS- 

lb  6 

arid 

130 

99-19S 

v  ar  ia  t  i 

on  in 

the  US 

f  cr 

ce 

(.".) 

1000 

Minute 

ctan 

III 

s  and  no  Minuteiv'^  ^  ^  s 

variations  in  U9  bomber  penetration  and  alert  rates 


(N) 

7b%  penetration 

(0) 

505.  penetration 

(P) 

25i  penetration 

(Q) 

US  bombers  at  505. 

alert 

(R) 

US  be  .bers  at  6~i 

alert 

(S) 

US  bombers  at  75i 

alert 

ort<^lntion:  Soviet  Firr^t  Strike 


variations  in  Soviet  submarine  alert  rates 


(T)  251  of  Soviet  SSBNs  out  of  port 

(U)  501  of  Soviet  SSBNs  out  of  port 

Variations  in  the  Soviet  ICB.M  forces  were  based  on  estimated  Soviet 
expenditures  for  iCBMs.  The  capabilities  of  the  missiles  remaineo 
constant;  only  relative  deployment  quantities  were  varied,  and  then  only 
for  two  missile  systems  (with  the  exception  of  case  F).  In  devising 
these  alternative  force  mixes,  SALT  II  constraints  were  Ignored,  because 
potential  Soviet  achievements  are  the  focus  of  this  study. 

The  first  fact  apparent  from  figure  1  is  that  by  1980  the  positions 
of  the  United  States  and  the  Soviet  Union  had  reversed.  The  relative 
correlation  of  nuclear  forces  shifted  in  favor  of  the  Soviet  Union  around 
1977,  when  the  advantage  to  the  Soviets  of  striking  first  surpassed  that 
to  the  United  States.  The  meaning  of  such  a  measure,  however,  is 
unclear.  Both  the  United  States  and  the  Soviet  Union  gain  the  acvantage 
by  being  the  first  to  strike,  but  since  about  1977  ,  the  relative 
advantage  ‘ifted  in  favor  of  the  Soviet  Union. 

Wiat  is  more  interesting,  however,  is  that  the  force  posture  whicn 
tne  Soviets  actually  selectee,  while  net  the  a  pparen  t  maxiricing 
solution,  is  dominant  within  the  constraints  of  SALT  and  manipulating 
or._y  ICB.h  forces.  Among  the  solutions  that  would  promise  a  better 
correlation  in  the  event  of  a  Soviet  first  strike  (E,  K,  N,  0,  and  F), 
one  —  K  —  would  ha\'e  required  a  violation  of  the  SALT  II  agreement 
(more  MIRVed  missiles  than  was  to  be  allowed).  N,  0,  and  P  would  have 
requlrec  the  cevotion  of  significantly  greater  resources  to  the  Air 
Defer.se  Forces.  Only  option  E,  the  410  SS-19/no  SS-17  force,  would  have 
provicec  a  better  correlation  by  manipulating  only  the  IC3M  force  but 


without  violating  any  agreements  and  that  E  was  not  chosen  may  reflect 
several  possibilities..  The  need  to  caintain  the  nesign  bureau 
responsible  for  the  SS-17  (the  Yangel  bureau),  or  the  bureau's  influence 
on  the  decision-making  apparatus  (Yangel 's  bureau  is  locatea  in 
Dnepropetrovsk,  a  favored  region  under  Brezhnev's  regime)  should  be 
considered.  Moreover,  the  desire  to  avoid  placing  all  tlie  Soviet 


te  chn  olo  gi  cal  e  ggs 

in 

only  one 

or 

two  new  systems 

has  always  been 

an 

important  factor 

in 

Soviet 

procurement  policy. 

The  spreading 

of 

technological  risk 

means  that 

no 

single  design  would  carry  the  total 

burden  of  innovation. 

Given 

the 

differences  in 

warhead  loading 

and 

accuracies,  it  can  safely  be  assumed  that  SS-17  and  SS-19  have  different 
"front  ends."  Obviously,  the  SS-17  front-end  design  did  not  match  up  to 
the  SS-19  design.  Or  perhaps  the  decision  and  retooling  to  begin 
production  of  the  SS-17  (which  had  begun  fligl-it-tes  ting  seven  months 
before  the  SS-19)  had  been  made  too  soon,  and  the  deployment  of  150 
served  in  part  to  justify  the  oevelopxL'ent  expenses.  SS-17  performance 
simply  failed  to  natcr.  expectations  (or,  SS-19  performance  surpassed 
expectations  ). 

Given  uncertainty  in  the  estimates  of  Soviet  weapons 
characteristics,  sensitivity  analysis  shows  that  within  error  limits,  tr.e 
existing  Soviet  force  structure  in  1980  may  actually  be  the  maximizing 
mix.  It  should  also  be  noted  that  the  SALT  process  appears  to  have  had 
an  impact  on  the  Soviet  strategic  programs.  Acceptance  of  the  SALT  II 
limits  bounded  ariy  Improvement  in  the  correlation  of  nuclear  forces. 

The  option  selected  by  the  Soviets,  however,  is  net  without  its 
drawback:  it  allows  trie  United  States  to  obtain  its  best  possible 
correlation  of  nuclear  forces  through  first  strike  as  well,  with  one 
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exception.  The  exception  would,  however,  require  US,  not  Soviet  action; 
the  full  MIRVing  of  the  US  Kinuteman  force.  In  other  words,  the  mix 
selected  by  the  Soviets  reflects  a  tolerance  for  maximized  US  correlation 
in  the  event  the  United  States  launches  a  first  strike.  In  return,  ttie 
Soviet  correlation  is  also  high  if  the  Soviets  strike  first.  Of  course, 
this  trade-off  is  acceptable  if  the  Soviet  political  and  military 
leadership  is  reasonably  certain  that  the  Soviet  Union  will  be  the  one  to 
go  first  in  a  nuclear  conflict. 

As  demonstrated  by  the  1984  oata,  the  time  trend  of  correlation  of 
nuclear  forces  begins  to  flatten  out  for  the  Soviets  in  the  19806  ,  while 
the  position  of  the  US  Increase  narginally.  The  Soviet  position  has 
shifted  with  the  completion  of  its  deployment  of  SS-17,  SS-18,  and  SS-19 
ICBMs .  The  result  is  a  Soviet  strategic  force  whose  preemptive 
capability  is  about  as  good  as  is  attainable  within  existing 
technological,  economic,  and  political  constraints.  This  fits  well  with 
Soviet  discussions  of  how  a  nuclear  war  should  be  waged.  Soviet  leaders 
appear  willing  to  allCTw  the  United  States  a  very  high  correlation  cf 
nuclear  forces  under  a  US  first  strike  scenario,  in  exchange  for  a  very 
hign  correlation  in  the  event  th.e  Soviets  aecice ,  and  are  able,  to  strike 
first.  This  suggests  that  tine  Soviets  do  not  ascribe  a  high  likelihood 
to  a  US  "bolt  out  of  the  blue." 
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Table  3:  Summarv  of  Correlations  For 


Actual  and  Hypothetical  Force  Postures 


— 

Correlation  of 

Forces 

Case 

Mix  US 

a  tracks 

SO  attacks 

_ 

first 

first 

1965 

Actual  1965 

0.1 

44.0 

1970 

Actual  1970 

2.9 

.5 

A 

1500  SS-lls ,  no  SS-9s 

2.4 

.8 

B 

460  SS-96,  no  SS-lls 

2.7 

.2 

C 

100  SS-9s  ,  1180  SS-lls 

2.7 

.7 

1975 

Actual  1975 

2.6 

1.2 

1980 

Actual  1980 

2.0 

3.9 

D 

560  SS-17s,  no  SS-19s 

1.7 

3.0 

E 

410  SS-19s,  no  SS-17s 

1.9 

4.2 

F 

865  SS-19s,  no  SS-18s, 

no  SS-17s 

1.8 

3.7 

G 

225  SS-17s,  225  SS-19s 

1.9 

3.7 

H 

280  SS-17s,  205  SS-19s 

1.9 

3.7 

T 

510  SS-16s,  no  SS-19s 

1.9 

3.1 

J 

750  SS-19s,  no  SS-16s 

1.5 

3.7 

;; 

15C  SS-18s,  530  SS-19s 

1.8 

4.0 

r 

41C  SS-18s,  150  SS-19s 

1.9 

3.6 

M 

1000  y,\  III,  no  MM  11 

2.4 

4.0 

N' 

75%  US  boober  penetration 

1.6 

4.1 

0 

50*  US  bottber  penetration 

1.5 

4.7 

P 

251  US  bomber  penetration 

1.2 

5.4 

Q 

US  bombers  at  501  alert 

2.0 

3.1 

R 

US  bombers  at  661  alert 

2.0 

2.6 

S 

US  bombers  at  751  alert 

2.0 

2.4 

T 

251  of  Soviet  SSNs  out 

1.9 

3.9 

U 

501  of  Soviet  SSNs  out 

1.6 

3.9 

19  8  A 

Actual  1984 

2.4 

4.4 
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Correlation  of  Forces 


Case 

Mix 

US  attacks 

SU  attacks 

first 

first 

1984 

75%  US  bomber  pen 
Sov .  silos  (3  2500* 

psi 

1.8 

4.1 

V 

50%  US  bomber  pen 
Sov.  silos  @  2500* 

psi 

1.4 

4.7 

X 

25%  US  bomber  pen 
Sov.  silos  (;  2500* 

psi 

1.1 

5.4 

*Hardiiess  of  the  SS-17,  SS-18,  and  SS-19  silos;  the  hardness  of  th 
1  and  SS-i3s  are  considered  to  be  1000  psi. 


3.0  CONaUSlONS  AND  IMPLICATIONS 


Anureyev's  correlation  of  nuclear  forces  model  —  taken  as  a 
conceptual  framework  rather  than  as  an  explicit  algorithm  —  is 
intriguing  because  of  some  of  the  insights  it  nay  offer  into  innovation 
decisions  in  Soviet  strategic  force  planning.  In  particular,  the 
Anureyev  model  produces  a  dynamic  measure  of  the  nuclear  balance  that 
integrates  strategic  offense  and  strategic  defense.  The  fact  that  the 
actual  Soviet  force  posture  appears  to  have  maximized  the  correlation  of 
nuclear  forces,  as  oprxjsed  to  other  measures  such  as  RVs,  suggests  that 
perhaps  this  is  the  tool  used  by  the  Soviet  planners,  or  that  it  may 
serve  as  a  useful  analogue  for  either  the  model  they  do  use  or  their 
thought  process. 

If  this  measure  captures  the  essence  of  Soviet  assessments  of  the 
nuclear  balance,  then  it  should  also  prcrvide  useful  insights  into  their 
perceptions  cf  breakout  threats  and  opportunities. 

5.1  Implications  of  the  Model 

If  the  model,  or  its  fun ca mental  structure,  serves  as  a  guide  to 
planning,  then  Soviet  strategic  targeting  should  place  a  premium  on  the 
destruction  of  the  enemy's  EMI,  as  opposed  to  the  destruction,  for 
examnle,  of  the  enemy's  RVs.  None  of  Anureyev's  critics  suggested  that 
there  was  an  error  in  the  EMT  emphasis  in  the  model. 

The  model  is  open-ended:  each  additional  equivalent  negaton  serves 
to  improve  one's  position.  This  factor  nay  serve  as  an  incentive  to  the 
continued  retention  of  systems  that  appear  obsolete.  The  SS-7  and  SS-8 , 
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although  vulnerable  and  of  questionable  reliability,  provided  10  to  15% 
of  the  Soviet  EMT  until  they  were  withdrawn  in  the  late  19706.  Moreover, 
they  would  have  required  the  US  to  expend  some  of  its  own  forces  to 
destroy  them.  In  addition,  the  model’s  emphasis  on  the  ratios  of 
survlvable  EMT  serves  as  a  stimulus  to  fractionate  one's  missiles.  The 
MIRVed  versions  of  the  SS-17  ,  SS-18 ,  and  SS-19  have  greater  total  EMI  (as 
well  as  flexibility  and  efficiency  in  the  use  of  force)  than  their 
single-RV  models. 

But  Anureyev's  model  fails  to  give  guidance  as  to  sizing  of  forces, 
except  in  relation  to  an  adversary.  The  correlation  value  itself  is  a 
ratio,  and  tells  little  about  the  utility  of  the  forces  remaining  to  eacii 
side.  A  correlation  of  2  could  be  2  HIT  to  1,  200  to  100,  or  2  million 
to  1  million.  As  a  result,  the  index  alone  gives  no  natural  ceiling  at 
which  the  "curve"  of  the  correlation  might  flatten  out,  and  thus  no 
concept  of  "sufficiency"  independent  of  the  enemy's  capabilities.  The 
size  of  the  force  is  driven  by  that  of  the  adversary,  as  each  attempts  to 
improve  the  ratio  of  forces.  In  this  respect,  the  correlation  of  nuclear 
forces  model  is  a  true  "H;!"  arms  race  model,  in  that  it  pushes  each  side 
to  try  to  better  the  ratio. 

Cf  course,  this  is  true  in  the  non-nuclear  models  of  the  correlation 
of  forces  as  well,  and  Soviet  planners,  based  on  their  analysis  of 
conflicts,  have  determined  certain  ratios  as  oesirable.  For  example, 
tanks  in  the  defense  can  generally  defeat  two  to  three  attacking  tanks, 
while  a  successful  tank  offensive  requires  a  four  or  five  to  one  tank 
advantage.  Tne  "optimum"  ratio  desired  for  nuclear  forces  is  unknown 
(if,  indeed,  one  exists  at  all),  but  given  the  cestructive  potential  of 
even  a  few  nuclear  weapons,  it  might  be  expected  to  be  large. 


Because  deliver  ability  of  the  EMT  Is  another  major  factor,  the 
survivability  and  defense  of  Soviet  forces  Is  Important  as  well.  This 
Includes  both  passive  measures  (such  as  silo-hardenlng )  as  well  as  active 
(such  as  anti-aircraft  systems). 

Reliability,  alert  rates  of  non-haraened  forces,  penetration 
capabilities,  and  the  fraction  of  the  entire  EMT  concentrated  in  a  given 
weapon  system  are  treated  in  the  model  as  being  of  equal  value.  Thus, 
the  same  results  could  be  achieved  by  improving  a  weapon's  reliability, 
its  penetration,  by  shifting  EMT  from  a  vulnerable  to  a  survivable 
system,  or  simply  by  putting  a  larger  fraction  of  the  force  on  alert. 
That  the  Soviets  have  not  strived  to  put  a  greater  fraction  of  the  SLBM 
and  bomber  forces  on  alert  may  reflect  technical  constraints,  or  simply 
that  they  do  not  expect  a  "bolt  from  the  blue"  by  the  United  States.  Or 
it  my  reflect  a  decision  to  continue  concentrating  EMT  into  the  ICBK 
force,  the  cost  capable,  easily  controlled,  and,  apparently, 
cost-effective  method  for  the  delivery  of  Soviet  nuclear  weapons. 

3.2  Strategic  Offense 

The  Anureyev  model  pronuces  a  scenario  cepencent  measure  or  the 
strategic  balance.  That  is  to  say,  assumptions  about  the  characteristics 
and  phasing  of  nuclear  emplc>-ment  of  both  sines  affects  the  results. 
This  is  in  contrast  to  static  measures,  which  are  scenario  independent. 
Thus,  if  the  Anureyev  model  does  reflect  the  Soviet  military  approach  to 
assessing  the  nuclear  balance,  then  their  perceptions  of 

—  the  viability  of  their  strategic  posture 

—  lew  strategic  force  requirements 

—  the  danger  posed  by  US  strategic  programs 
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will  depend  heavily  on  the  scenarios  they  use  to  structure  their 
contingency  planning. 

In  this  respect,  our  analysis  of  the  Anureyev  model  using  actual  and 

alternative  Soviet  strategic  force  data  shows  that  the  Soviets  chose  not 

to  pursue  seemingly  equal-cost  ICBM  force  structures  that  could  have 

reduced  the  American  preemptive  threat.  Wille  this  may  seem  surprising 

in  light  of  the  constant  barrage  of  Soviet  propagauoa  regarding  US  plans 

for  a  first  strike,  there  is  other  evidence  of  lack  of  Soviet  concern. 

Soviet  strategic  bombers  have  never  been  placed  on  air  or  ground  alert. 

Until  the  mid-1960s,  warheads  for  Soviet  strategic  missiles  were  kept 

separate  from  the  missiles.  Until  the  introduction  of  Soviet  fourth 

generation  ICBMs  in  late  1974  and  1975,  only  a  relatively  small  fraction 

12 

of  Soviet  ICBMs  were  kept  on  an  alert  posture.  Soviet  SSBNs  have 

maintained  very  low  on-station  alert  rates  —  10%  to  20%.  While  tliere 
may  be  good  explanations  for  these  anomolies ,  the  fact  remains  that  hac 
the  Soviet  leadership's  top  strategic  priority  been  to  reduce  their 
vulnerability  to  a  US  first  strike,  there  were  many  things  they  could 
have  done  to  decrease  significantly  that  trnreat.  The  low  level  of 
day-to-day  alert  that  characterized  the  Soviet  military  posture  thrcu^. 
the  1960s  and  1970s  —  from  the  Strategic  Rocket  Forces  to  the  Air 
Defense  Troops  —  suggests  confidence  that  they  will  have  the  time  to 
mca^e  to  a  generated  alert  posture. 

In  the  context  of  a  generated  alert,  our  analysis  of  the  Anureyev 
model  suggests  that  the  focus  of  Soviet  military  efforts  has  been  to 
maximize  their  own  preemptive  potential  (under  the  correlation  of  forces 
rubric ) ,  while  acting  under  certain  technological,  organizational,  and 
external  constraints.  Their  ICBM  innovation  and  deplo\Tient  activities  — 
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as  reflected  by  the  model  —  suggest  that,  should  the  S>oviet  leadership 


perceive  that  war  Is  Imminent,  they  are  reasonably  confident  that  they 
will  have  the  option  to  preempt.  Three  distinct  missions  are  implicit  in 
the  Anureyev  model: 

—  offensive  strikes  against  enemy  strategic  forces  (wltiri  priority 
with  priority  weighting  by  EMT  or  ability  to  destroy  Soviet 
residual  EMT) , 

—  active  defense  against  second  (and  subsequent)  retaliatory 
strikes , 

—  and  follow-on  offensive  strikes  against  enemy  economic- 
industrial  capabilities. 

The  ''counter-EKT"  offensive  strike  Is  targeted,  first  and  foremost, 

3 

against  US  bomber  and  ICBM  bases  and  their  associated  C  .  Also 

3 

targeted  are  SSBN  facilities  and  related  C  .  Systems  requirements  for 
attacks  against  bomber  bases,  SSBN  bases,  and  C  facilities  are  prompt, 
large-EMT  strikes  of  modest  accuracy.  Soviet  ICBMs  have  had  this 
capability  since  tne  late  19606  (SS-9  and  SS-11  ICBMs).  Systems 
requirements  for  attacks  on  ICBM  silos  are  prompt  moderate  EMT  strikes  of 
high  accuracy.  These  requirements  were  not  approximated  until  the 
deployment  of  the  fourth  generation  Soviet  ICBMs;  specifically,  the  SS-18 
and  SS-19 .  For  tr:t  most  part,  there  is  little  need  to  consicer 
innovation  surprise  of  breakout  possibilities  here,  as  the  fundamental 
capability  already  exists  in  tne  deployed  force. 

Tne  single  area  of  weakness  in  the  offensive  mission  involves  action 
against  US  SSBNs .  Up  to  the  present,  US  SLBMs  have  held  only  about  20* 
of  the  US  EKT  and  they  have  had  no  real  capability  to  threaten  Soviet 
large-EMT  systems:  Soviet  ICBMs.  Soviet  targeting  priorities  dictated  by 
the  Anureyev  model  would  imply  that  blunting  US  SLBM  capabilities  should 
have  been  the  lesser  concern  in  comparison  to  countering  US  bombers  and 
ICBMs.  And  there  does  not  seem  to  have  been  much  Soviet  activity  in 
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counter-SSBN  operations  in  the  past.  However,  for thcocnlng  changes  in  the 
US  SLBM  force  —  specifically  Trident  1  and  II  —  should  increase  greatly 
the  significance  of  countering  US  SSBNs  under  the  correlation  of  nuclear 
forces  framework.  Trident  11  will  hold  substantial  EMT  and  will  directly 
threaten  Soviet  large-IMT  systems.  (By  1990,  the  EMT  carried  on  US  SLBMs 
will  increase  by  90%  (from  about  700  to  about  1350).)  It  follows  that 

capabilities  to  detect,  track,  target,  and  destroy  US  SSBNs  should  grow 
increasingly  important  to  Soviet  military  planners  and  are  areas  where 
^nnovation  surprise  and  breakout  could  make  a  significant  difference. 

Areas  conducive  to  teciinological  innovation  leading  to  breakout  (see 
Report  //I)  would  be  in  SSBN  detection  and  tracking  Such  activities 
could  involve  a  relatively  snail  number  of  systems  that  could  be  custom 
made,  rather  than  mass  produced  (though  this  is  not  necessarily  the 
case).  Tnus  ,  it  is  possible  that  if  the  Soviets  could  develop  the 
technology-,  they  might  not  be  hampered  by  the  usual  engineering  and 
production  hurdles  that  historically  have  constrained  the  development  of 
operational  capabilities  based  on  technological  innovation.  One  area 
would  be  the  space-based  synthetic  aperture  radar  aesigned  for  submarine 
detection  and  traciiing.  However,  significant  technological  innovations 
would  be  required  in  sensors,  autocated  control  systems,  and  computers  -- 
none  of  which  are  strong  Soviet  technology  areas.  Such  innovations  would 
take  a  long  time  to  oevelop  and  would  require  extensive  testing  —  though 
most  of  it  would  not  be  readily  apparent  from  observation. 

Technological  innovation  would  not  be  requirec  for  the  destruction 
activity.  Building  on  pjrior  Soviet  systems,  design  innovation  and 
application  innovation  would  provide  suitable  capabilities  for  the  rapia 
destruction  of  SSBNs,  given  that  they  could  be  localized.  Since  Soviet 
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military  production  capabilities  are  at  their  strongest  v^en  "new" 
products  reflect  design  Innovation,  a  fairly  rapid  breakout  in 
destruction  potential  could  be  made. 

In  sum,  the  area  of  greatest  significance  with  respect  to  breakout 
in  the  counter-EMT  offensive  strike  mission  is  the  counter-SSBN  task.  On 
the  one  hand,  many  onerous  technological  Innovations  are  requirec  to 
support  the  detection,  localization,  and  tracking  activities  in 
technology  areas  where  the  Soviets  have  demonstrated  considerable 
weakness.  Very  long  development  times  can  be  expected,  but  short 
production  to  initial  operating  capability  tiroes.  Cn  the  other  hand, 
only  design  and/or  application  innovations  will  be  needed  to  develop  the 
capability  for  destruction  given  localization.  Here,  moderate  proouctlon 
to  initial  operating  capability  times  can  be  expected,  given  the 
quantitative  production  demands. 

3.3  Strategic  Ifefense 

Strategic  defense  has  a  procinent  rcle  i^  the  ?:r’elcri;_  wf  nuclear 
forces  concept  in  general,  and  in  the  Anureyev  model  in  particular.  The 
Soviets  have  concentrated  efforts  re  active  strategic  defense  in  three 
areas;  air  defense  systems,  an tibaliis tic  missile  systems,  and  anti-space 
systems.  (In  the  mid  1960s,  this  subdivicing  of  the  strategic  defense 
mission  was  mirrored  in  the  structure  of  the  National  Air  Defease  Forces, 
which  was  composed  of  an  anti -air  defense  command,  an  anti-missile 
defense  command,  and  the  anti-space  defense  command.  There  is  no  open 
source  infornation  pertaining  to  the  continuing  existence  of  these 
commands.)  The  Anureyev  model  deals  explicitly  with  only  the  anti-air 
and  the  anti-missile  missions.  While  one  mighit  implicitly  factor  the 
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anti-Epace  mission  Into  the  moael  (Anureyev  aid  a  considerable  amouiit  of 
work  on  space  weaponry),  it  is  not  a  direct  part  of  the  analysis. 


3.3.1  The  Anti -Air  Mission 

The  role  of  the  air  defense  in  the  Anureyev  moael  is,  of  course,  to 
reduce  the  enemy's  E>1T  delivered  by  aircraft  and  cruise  missiles.  hany 
western  experts  have  wonderea  why  the  Soviet  military  continuea  and 
continues  to  spend  a  substantial  portion  of  their  military  resources  on 
strategic  air  defense  when  their  country  is  completely  vulnerable  to  many 
thousands  of  missile-delivered  warheads.  Wille  many  possible 
explanations  have  been  aavanced  —  organizational  and  bureaucratic 
Inertia,  a  national  fortress  mentality,  strategic  concerns  over  third 
parties,  etc.  —  the  correlation  ol  nuclear  forces  model  adds  an  analytic 
rationale.  Even  after  the  Introduction  of  ICBMs,  more  thian  50*  of  the  L'S 
strategic  EMT  continued  to  be  held  in  its  bomber  force.  Thus,  unoer  the 
Anureyev  formulation,  the  US  strategic  bomber  force  would  be  weiglntec 
ver  y  h  eav il y . 

As  described  above,  this  translates  first  into  priority  targeting  in 
the  initial  counter-Ehl  offensive  strike.  Active  air  defense,  then,  is 
expected  to  reduce  th.e  residual  US  bomber-hela  EMI.  Ihat  is  to  say, 
given  apparent  Soviet  expectations  that  they  will  have  the  benefit  of  the 
preemptive  strike,  the  Soviet  air  defense  system  will  most  likely  engage 
a  significantly  reduced  US  bomber  threat.  Tn  ere  fore  ,  relatively  small 
improvements  in  the  Soviet  air  defense  "barrier"  produces  relatively 
large  changes  in  the  nuclear  correlation  of  forces  as  measured  by  the 
Anureyev  model.  It  follows  that  tne  cost-effectiveness  of  the  Soviet  air 
defense  system  nay  look  more  reasonable  within  tiiis  framework. 
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Since  EMT  is  a  surrogate  measure  for  lethality  to  soft  area  targets, 
the  Anureyev  model  suggests  that  strategic  air  defense  would  be  most 
effectively  concentrated  In  a  zone  defense  for  protecting 
economic-industrial  assets,  (This  assumes,  in  line  with  Soviet  writings 
on  the  subject,  that  soft  military  targets  (for  example,  airbases  and 
ground  force  concentrations)  are  targeted  in  the  initial  strike.)  This 
agrees  with  doctrinal  statements  that  the  primary  task  of  the  Troops  of 
the  Anti -Air  Defense  (the  new  name  of  the  National  Air  Defense  Forces)  is 
to  protect  and  preserve  the  potential  of  the  economic-industrial  base  of 
the  USSR.  Soviet  possibilities  for  technological,  design,  or  application 
innovation  leading  to  breakout  should,  therefore,  be  assessed  in  the 
context  of  this  specific  mission. 

Part  I  of  this  report  looked  at  the  air  defense  mission  and  so  there 
is  no  need  to  repeat  the  analysis  here..  However  ,  it  should  be  emphasizec 
that  the  question  of  Soviet  air  defense  innovation  and  breakout  will 


revolve  around 

the  struggle  against 

low 

observable  (and  low 

al  ti  tuae ) 

targets,  Tnis 

is  a  change  tf.at 

the 

Soviet  military  has 

air  eacy 

recognized,  as 

is  reflected  in  the 

recent  reorganization  of 

the  Air 

Defense  forces  .  It  follows  th.at  special  emphasis  is  licely  to  be  placec 
on  detection  and  traci-;ing  technologies  (sensors  and  processing)  and 
automated  control  systems.  Again,  from  the  perspective  of  the  Anureyev 
model,  the  tasl;  is  to  reduce  further  US  surviving  air-breathing  FllT. 

3.3.2  The  An tiballis ti c  Missile  .Mission 

Our  general  observations  about  Soviet  Interest  in  the  ABM  mission 
follows  along  a  line  similar  to  that  of  the  air  defense  mission.  Uestern 
discussions  of  the  AB.M  usually  talk  in  terms  of  two  missions:  oefense  of 
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missile  sites  (ballistic 

m is  s il e 

defense) 

and 

defense  of 

economlc-lndus  tr  ial  zones. 

Under  the 

correlation 

of 

nuclear 

forces 

rubric,  following  the  initial 

counter-EMT  offensive 

strikes,  the 

balance 

is  assessed  in  terms  of  relative  threat  to  each  side's  soft  target 
array.  Ballistic  missile  defense  —  ie,  the  protection  of  Soviet  ICBMs 
—  does  not  contribute  to  the  correlation  of  nuclear  forces  in  this 
respect,  unless  one  allows  that  the  US  strikes  first.  but  as  we  have 
already  seen,  this  does  not  seem  to  be  the  Soviet  assumption.  Thus, 
missile  site  defense  would  not  appear  interesting  to  Soviet  military 
planners  within  this  strategic  framework. 

The  Soviet  ABM  mission,  as  reflected  in  the  Anureyev  model,  is 
oriented  towards  protection  of  soft  area  targets:  economic-industrial 
zones.  This  does  affect  the  "balance"  as  the  correlation  of  nuclear 
forces'  framework  measures  it.  Similar  to  the  air  defense  mission,  the 
ABM  mission  is  to  reduce  the  residual  (following  the  Soviet  first  strii:e) 
US  missile  delivered  EMT.  The  explicit  expectation  of  the  model  is 
sjTiCrg^'’  between  the  strategic  offense  and  strategic  defense  missions. 

Very  marginal  improvements  in  the  ABM  mission  could  be  made  by 
design  and  application  innovations  on  air  defense  systems.  It  shoulc  be 
clearly  understood,  however,  that  the  Anureyev  iDodel  weighs  strongly 
against  diverting  air  defense  assets  (which  can  significantly  affect  the 
correlation  of  nuclear  forces)  for  marginal  improvements  in  ABM 
capability.  Therefore,  even  a  marginal  ABM  breakout  involving  design  and 
application  innovation  w-’aid  require  the  rapid  deployment  of  very  large 
stocks  of  covertly  stored  equipment  beyond  that  required  for  the  air 
de  fense  miss  ion . 

Design  innovation  on  existing  ABM  systems  could  enhance  Soviet  ABM 
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capabilities,  but  even  a  marginal  breakout  would  demand  ti.e  covert 
production,  testing,  and  storage  of  large  quantities  of  equipment. 
Medium-  and  long-term  equipment  storage  Is  practiced  in  the  Ground  Forces 
and  Troops  of  Anti-Air  Defense,  but  often  produces  reliability  problems. 

A  truly  significant  ABM  breakout  capability,  as  defined  by  the 
Anureyev  model,  will  require  a  number  of  simultaneous  technological 
innovations.  The  reason  is  that  US  missile-held  EMT  is  dispersed  among 
many  thousands  of  independently  targetable  reentry  vehicles.  This  is 
especially  true  of  the  SLBM  force,  which  is  currently  the  least 
vulnerable  to  Soviet  counter-EMT  offensive  strikes.  The  first  series  of 
technological  innovations  will  have  to  be  in  the  areas  of  detection, 
tracking,  and  discrimination.  Here  again,  we  are  talking  about  sensors 
and  computers.  Automated  control  systems  are  emphasized  by  Soviet 
military  specialists. 

The  second  series  of  technological  innovations  will  have  to  be  in 
kill  mechanisms.  Technological  innovations  for  non-exotic  kill  systems 
—  nuclear  explosives,  kinetic  energy  ’’missiles'',  mesh  umbrellas,  etc.  — 
will  have  to  be  implemented  on  a  quantitatively  large  force.  While  this 
is  a  technology  area  well  within  Soviet  science  and  engineering 
capabilities,  production  may  be  a  bottleneck  (due  to  quality  control). 
The  extensive  geographic  requirement  for  non-exotic  ABM  kill  systems 
means  that  full  operational  breakout  deployment  is  likely  to  take  a 
considerable  amount  of  time,  and  be  highly  observable. 

Technological  innovations  in  exotic  kill  systems  —  lasers,  particle 
beams,  rail  guns,  etc  —  will  place  much  greater  demands  on  Soviet 
science  and  engineering  capabilities.  Space-based  systems  would  be  the 
most  demanding  of  all  and,  we  believe,  are  very  far  beyond  Soviet 
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capabilities.  Requirements  for  miniaturization,  reliability  and 
operational  longevity,  automated  control,  and  onboard  sensing,  processing 
and  comjwting,  are  all  areas  where  the  Soviets  have  experienced 
continuous  failure  without  exception.  (To  some  extent,  these  hurdles 
could  be  lessened  by  a  manned  weapons  platform.)  Ground-based  exotic  ABM 
kill  systems,  while  still  representing  onerous  technological  barriers, 
are  much  more  consistent  with  Soviet  science,  engineering,  and  production 
capabilities. 

3.4  Follow-on  Strategic  Offense 

This  mission  involves  the  potential  strikes  against  economic- 
industrial  targets.  While  our  presentation  suggests  phasing  in  time, 
Soviet  military  strategy  does  not  preclude  that  the  counter-EMT  and 
counter-value  strategic  offensive  strikes  might  occur  simultaneously. 
Hcvever,  Soviet  military  thinking  is  also  consistent  with  the  notion  that 
a  very  high  post-  (counter-ZMT)  strike  correlation  of  nuclear  forces 
could  deter  the  enemy  from  launching  retaliatory  counter-value  strikes. 
This  would  spare  major  segments  of  the  e conomic- in dus trial  base  of  both 
coun tries  . 

Significant  breakout  in  this  mission  (beyonn  existing  capabilities) 
could  be  attained  without  any  technological  innovation.  Design  and 
application  innovation  could  provide  the  basis  for  a  very  large  covertly 
deployed  ICB.M  force  assigned  to  counter-value  targeting.  This  would  be  a 
very  reliable  and  potent  force,  since  it  would  represent  minor  design 
improvements  on  long-deployed  systems. 

3.5.  A  Final  Observation 

Western  strategic  thinking  attempts  to  distinguish  between  "good" 
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and  "bad”  strategic  weapons.  Good  strategic  weapons  are  defined  as  those 
that  enhance  deterrence  and  without  threatening  strategic  stability.  In 
general,  these  are  weapons  that  do  not  create  incentive  for  either  side 
to  adopt  a  launch  on  warning  posture  —  ie ,  either  weapons  that  are  slow 
(bombers  and  cruise  missiles)  or  weapons  that  cannot  threaten  the 
strategic  forces  of  the  other  side  with  a  prompt  disarming  first  strike 
(current  SLBMs). 

If  the  Anureyev  model  does  reflect  accurately  the  Soviet  approach  to 
measuring  the  correlation  of  nuclear  forces,  then  it  is  readily  apparent 


that  their  strategic  thinking 

does 

not  mak  e 

this 

dis  tlnction . 

The 

concept  behind  the  Anureyev 

model 

integrates 

the 

counterf orce 

and 

countervalue  threats.  As  such,  extensive  deployments  of  highly  hilRVed 
heavy  ICBMs  do  not  take  on  the  intensely  negative  connotation  often 
attributed  to  them  in  Uestern  strategic  thinking. 
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Appendix  A: 


AsBumed  Forces 


Because  force  cfiaracteristlcs  change  over  time,  it  was  necessary  to 
adjust  the  numbers  as  well  as  technical  capabilities  of  weapons  systems 
for  each  year  examined.  These  represent  estimates  from  a  variety  of 

sources,  and  some  (especially  reliability)  are  subject  to  wide  variations. 

It  should  also  be  noted  that  this  study  uses  the  Soviet  iMT 

calculation,  in  which  all  yields  are  raised  to  the  2/3  power,  unlike  the 

US  calculation,  in  vd^ich  yields  above  1  mt  are  raised  only  to  the  1/2 

power. 


Sys  tern 

Number 

RVs/ system  emt/RV 

Soviet  Systems 

Rel. 

Pen . 

CEP  (nm) 

1* 

1965 

SS-7 

199 

1 

2 

.5 

1 

1.5 

.36 

SS-8 

23 

1 

2 

.5 

1 

1.0 

.04 

Bison 

56 

1 

2.9 

.5 

.7 

na 

.15 

Bear/ b 

35 

1 

2.9 

.5 

.7 

na 

.09 

Bear/ c 

75 

1 

1.6 

.5 

.9 

Ha 

.11 

1970 

SS-7 

190 

1 

3.3 

.5 

1 

1.25 

.10 

SS-8 

19 

1 

2.9 

.5 

1 

1.0 

.01 

SS-9 

228 

X 

8  .5 

.8 

1 

.75 

.47 

SS-11 

770 

1 

1 

.8 

1 

1.25 

.19 

SS-13 

30 

1 

1 

.8 

1 

1.0 

.01 

Bison 

56 

1 

2.9 

.5 

.7 

na 

.04 

Bear/b 

35 

1 

2.9 

.5 

.7 

na 

.03 

Bear/ m 

75 

1 

1.6 

.5 

.9 

na 

.03 

SS^--6 

224 

1 

.8 

.75 

1 

1.0 

.04 

*F  is  the 

fraction 

of  EMT  on  a 

given  weapon  system. 
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Sys  teo 

Number 

RVs/sys 

tem  emt/RV 

Rel. 

Pen.  CEP  (nm) 

F 

1975 

SS-7 

186 

1 

3.3 

.5 

1 

1.25 

.11 

SS-8 

19 

1 

2.9 

.5 

1 

1.0 

.01 

SS-9 

2  76 

1 

8.5 

.8 

1 

.5 

.44 

SS-11 

840 

1 

1 

.8 

1 

.8 

.16 

SS-13 

60 

1 

1 

.8 

1 

1.0 

.01 

SS-17/1 

10 

4 

.83 

.85 

1 

.24 

.01 

SS-18/1 

32 

1 

8.5 

.85 

1 

.23 

.05 

SS-19/1 

50 

6 

.67 

.85 

1 

.19 

.04 

Bison 

56 

1 

2.9 

.5 

.7 

na 

.03 

Bear/b 

35 

1 

2.9 

.5 

.7 

na 

.02 

Bear/m 

70 

1 

1.6 

.5 

.9 

na 

.02 

SS~H-6 

528 

1 

.8 

.75 

1 

1.0 

.09 

SS-N-8 

150 

1 

.9 

.75 

1 

.84 

.03 

1980 

SS-9 

30 

1 

8.5 

.8 

1 

.5 

.05 

SS-11 

460 

1 

1 

.8 

1 

.8 

.08 

SS-13 

60 

1 

1 

.8 

1 

1.0 

.01 

SS-17/1 

130 

4 

.83 

.85 

1 

.24 

.08 

SS-17/2 

20 

1 

3.3 

.85 

1 

.23 

.00 

SS-18/3 

26 

1 

8.5 

.85 

1 

.19 

.04 

SS-18/2 

282 

8 

.93 

.85 

1 

.23 

.33 

SS-19/1 

2  70 

6 

.67 

.85 

1 

.14 

.18 

SS-19/2 

30 

1 

2.9 

.85 

1 

.21 

.02 

Bison 

43 

1 

2.9 

.5 

.7 

na 

.03 

Bear/b 

38 

1 

2.9 

.5 

.7 

na 

.02 

Bear/m 

75 

1 

1.6 

.5 

.9 

na 

.02 

SS-N-6 

436 

1 

.8 

.75 

1 

1.0 

.06 

SS-N-6 

2  92 

1 

.9 

.75 

1 

.64 

.05 

ss-i;-i8 

16  0 

3 

.3 

.7 

1 

.7b 

.03 

1984 

SS-11 

520* 

1 

.8 

1 

.8 

.09 

S5-13 

60 

1 

1 

.8 

1 

1.0 

.01 

SS-17/3 

150 

4 

.83 

.85 

1 

.24 

.09 

SS-18/4 

308 

10 

.63 

.85 

1 

.14 

.34 

SS-19/3 

360 

6 

.67 

.85 

1 

.14 

.26 

Bison 

43 

1 

2.9 

.5 

.7 

na 

.02 

Bear/b 

38 

1 

2.9 

.5 

.7 

na 

.03 

Bear/n 

75 

1 

1.6 

.5 

.9 

na 

.02 

SS^'-6 

368 

1 

.8 

.75 

1 

1.0 

.05 

SS-N-8 

292 

1 

.9 

.75 

1 

.84 

.05 

SS-i\-18 

224 

3 

.3 

.7 

1 

.76 

.04 

*rne  number  of  SS-Us  available  for  inter 
assumed  to  have  increased  with  the  deployment  of 

continental 
the  SS-20. 

missions 
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US  Systems 


Sys  tern 

Number 

RVs/s vs  tern 

emt/RV 

Rel. 

Pen. 

CEP  (nm) 

F 

1965 

l-II 

39 

1 

4.3 

.75 

1 

.7 

.06 

MM-1 

795 

1 

1 

.8 

1 

1.0 

.20 

B-52 

630 

4 

1 

.9 

00 

na 

.63 

A-1 

80 

1 

.9 

.6 

1 

.5 

.02 

A-2 

208 

1 

.9 

.85 

1 

.5 

.05 

A- 3 

176 

3  (MRV) 

.34 

.9 

1 

.5 

.04 

1970 

T-Il 

54 

1 

4.3 

.75 

1 

.7 

.06 

MM-1 

490 

1 

1 

.8 

1 

1.0 

.12 

MM-2 

500 

1 

1.1 

.85 

1 

.3 

.13 

MM-3 

10 

3 

.3 

.90 

1 

.18 

— 

B-52 

517 

4 

1 

.9 

.85 

na 

.50 

A-2 

128 

1 

.9 

.85 

1 

.5 

.03 

A-3 

512 

3  (MRV) 

.34 

.9 

1 

.5 

.13 

C-3 

16 

10 

.12 

.9 

1 

.27 

— 

1975 

T-II 

54 

1 

4.3 

.75 

1 

.7 

.07 

MM-2 

450 

1 

1.1 

.85 

1 

.3 

.14 

MM-3 

550 

3 

.3 

.90 

1 

.18 

.14 

B-52 

369 

4/4 

1 

.9 

.85 

na 

.41 

FB-111 

66 

2/4 

1 

.9 

.85 

na 

.06 

a-2 

48 

]_ 

.9 

.65 

1 

.5 

.01 

A-3 

2  08 

3  (MRV) 

.34 

.9 

1 

.5 

.06 

C-3 

400 

10 

.12 

.9 

1 

.27 

,13 

1980 

I-II 

3  ^ 

4.3 

.75 

1 

.7 

.07 

MM-2 

450 

1 

1 .1 

.85 

1 

.3 

.15 

>2^.-3 

450 

3 

.3 

.90 

1 

.12 

.12 

m:-'.-  3/  - 

100 

3 

.48 

.90 

1 

.1 

.04 

B-52 

316 

4/4 

1 

.9 

.85 

na 

.38 

FB-111 

66 

2/4 

1 

.9 

.85 

na 

.04 

A-3 

80 

3  (MRV) 

.34 

.9 

1 

.5 

.02 

C-3 

416 

10 

.12 

.9 

1 

.27 

.15 

C-4 

80 

8 

.22 

.9 

1 

.23 

.04 

1984 

T-II 

35 

± 

4.3 

.75 

1 

.5 

.04 

MM-2 

450 

1 

1.1 

.85 

1 

.2 

.14 

MM-3 

2  50 

3 

.3 

.90 

1 

.12 

.06 

MM-3/tt 

300 

3 

.48 

.90 

1 

.1 

.12 
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1984 

(coDt ’d) 

B-52 

14 

12  cm 

.34 

4  bmb 

1 

B-52 

258 

4  bmb 

1 

FB-ni  66 

2  bmb 

1 

r-3 

304 

10 

.12 

C-4 

312 

8 

.22 

90 

.75 

na 

.33 

,90 

.75 

na 

,9 

.85 

na 

.04 

9 

1 

.27 

.10 

9 

1 

.23 

.16 
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Appendix  B: 
Soviet  ICK<  Costs 


There  are  several  different  sources  for  estimates  of  Soviet  ICBM 
costs,  spanning  almost  20  years.  Unfortunately,  the  costs  often  seem 
incong?ruous ,  ie,  the  superior  SS-18  apparently  costs  little  more  than  the 
SS-9 ,  produced  8  years  previously. 

Techniques 

The  only  specific  Information  available  on  techniques  for  estimating 

Soviet  ICBK  costs  (of  which  I  am  aware)  is  contained  in  a  1964  study  by 

the  DoD  (DDRS  [78]  137),  in  whidi 

"It  was  found  that  the  cost  of  Soviet  ICBMs  could  be  fit  by 
ANWk  where  A  is  $10  M  [million  1964  PA]  per  1  KP 
[kilo -pound  —  PA]  missile  in  inventory  ($12.5  M  per 
reliable  missile),  N  is  the  number  of  Soviet  missiles,  W  is 
the  payload  per  missile  in  kilo  pounds  (KP),  and  k  •=  .4." 

Otherwise,  the  costs  are  generally  presented  in  the  aggregate,  ie, 
the  cost  for  the  full  deplo>Taent  of  ICBMs  over  a  given  number  of  years. 

£s  tima  tes 

The  DoD  nethoc  or  ANV^'  was  applied  in  the  DoD  study  to  tlie  SS-7 , 
SS-8,  SS-9,  SS-10,  and  a  hypothetical  missile  that  resembles  the  SS-11 . 
These  gave  the  following  results; 


missile 

A(m$) 

N 

W  (k  p ) 

ANW[k]  Ak[k] 

SS-7 

$10 

4 

$17.4 

SS-8 

ilo 

23 

4 

$17  .4 

SS-9 

$10 

288 

9.5 

324.6 

SS-11 

$10 

1030 

1.5 

311.8 

The  second  source  of  information  is  a  series  of  hearings  held  in  the 
early  19706,  in  wr.ich  Albert  Vvohlstetter  testified  on  tbie  cos  t- 
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effectiveness  of  the  proposed  ABM  systen;.  In  his  presentation,  ne 
compared  three  different  estimates  of  the  SS-9'b  cost,  two  classified  and 
one  unclassified.  In  addition,  his  comments  suggested  that  tJie  ten-year 
cost  for  the  Minuteman  was  about  $11  million  in  then-year  dollars,  and 
that  the  SS-11  ten-year  cost  exceeded  that  of  the  Minuteman  by  between 
two  and  three  times . 

While  Wohlstetter  did  not  reveal  the  details  of  the  two  classified 
studies,  he  did  reveal  enou^  about  the  ratios  of  costs  of  the  classified 
studies  to  the  unclassified  costs  of  the  ABM  systems  to  make  it  possible 
to  work  backwards  and  approximate  the  classified  estimates.  Each  gave 
the  follcwing: 

Missile  Initial  Invesanent  10  year  cost 

SS-9  triplet  332-33  mUlion  34  7-50  million 

The  year  for  the  dollar  estimates  was  not  given;  however,  from  the 
context  it  appears  likely  that  these  are  1971  or  1972  dollars. 

A  New  York  Times  article  of  roughly  the  same  period  (April  27,  1969, 
p.  8F)  quoted  intelligence  sources  as  suggesting  that  the  SS-11  cost  was 
approximately  that  of  the  SS-9. 

The  final  source  for  estimates  of  ICBM  costs,  and  the  only  one  of 
which  I  am  aware  that  deals  with  the  fourth  generation  SS-17,  SS-18,  and 
SS-19  ICBMs,  is  an  article  in  the  Congressional  Record  by  Les  Aspin  (July 
9  ,  1979).  In  it,  Aspin  includes  a  table  (p.  E  3453)  comparing  the 
counterforce  cost  effectiveness  of  the  US  and  Soviet  ICBMs,  arguing  that 
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the  US  capability  is  nauch  more  cost-ef iective.  Citing  a  CIA  Military 
Economic  Analysis  Center  memo  to  him  (June,  1979),  Aspin  quotes  the 
following  information: 

"Cost  of  SS-17/-18/-19  (33.75,  $10.26,  and  $7.86  billion, 

respectively,  through  1982,  plus  an  additional  $1  billion  each  year  from 
then  to  1985) ...  " 

Aspin  assumed  that  by  1982,  200  SS-17  ,  308  SS-18 ,  and  312  SS-19 , 

will  be  deployed.  After  calculating  the  cost/silo  of  operations  and 
maintenance  (O&K)  of  $1.2  million  (ie,  $1  billion  divided  by  820  silos) 
and  the  number  of  "missile-years"  of  each  ICBM,  it  is  possible  to 
estimate  tlie  fallowing  costs,  presumed  to  be  in  19783: 


SS-17 

$14  million 

SS-18 

328  million 

SS-19 

$19  million 

In  addition,  there  are  two  other  references  that  may  be  useful.  In 
1951,  the  HASC  was  tcld  during  its  hearings  on  the  Posture  Statement 
(Bc'o'r;  2  cf  2,  Fart  1  ci  6;  RiD)  by  Rally  Burke  that  if  the  Soviets 
repaclaced  the  SS-17  and  SS-19  with  a  new  missile  with  a  higher  MIRV 
count,  it  would  cost  $5.95  million  per  additional  RV,  and  if  unspecified 
"additional  MIRVed  ICBMs"  were  deployed  in  conjunction  with  a  further 
fractionantlon  of  the  entire  ICBM  force,  the  cost/RV  woula  be  $3.85 
million  per  additional  RV. 

The  Senate  Appropriations  Commitee  was  also  told  in  1981  that  the 
cost/RV  to  the  Soviets  was  about  33.5  million. 
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SRF  Budget  data 


Working  from  the  CIA  estimates  of  Soviet  defense  expenditures,  It  is 


possible  to  estimate  SRF  percentages  of  the  Soviet  defense  expenditures: 


1965 

7.9% 

1973 

5.0% 

1966 

9.82 

1974 

5.7% 

1967 

9.8% 

1975 

5.7% 

1968 

8.6% 

1976 

7.2% 

1969 

7.4% 

1977 

7.7% 

1970 

5  .7% 

1978 

8.6% 

197i 

4.3% 

19  79 

8.6% 

1972 

3.8% 

1980 

7.4% 

Using  similar  data,  it 

is  possible  to 

estimate  the 

COB  t/RV 

for  the  Soviet 

I  CBM,  SLBM 

,  and 

IRA  forces  for 

selected  years 

,  in  millions 

of  1978$: 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976  1977 

(a)  7.1 

6.9 

4.8 

3.6 

3.0 

3.3 

3.8 

3.1 

2.9  2.4 

(b)  69.6 

33.7 

16  .5 

9.7 

8.7 

8.5 

8.7 

7.1 

5.8  4.3 

(c)  2.7 

2.8 

2.8 

2.9 

2.9 

2.9 

2.9 

2.9 

2.9  2.9 

(a)  is  ICBMs 

(b)  is  SLBMs 

(c)  is  long  range  bombers 
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